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Polyaniline has been observed to exhibit metallic 
conducting properties in a 50% reduced - 50% 
oxidized, monoprotonated chemical state. Because of 
this it may be of use as an electric field dependent 
rheological fluid. The purpose of this research was 
to synthesize a particle suspension of polyaniline 
and to investigate the kinetics of this reaction.
A particle suspension of polyaniline was formed 
by oxidizing 0.1 M aniline with 0.1 M H2O2 in a 0.1 M 
HC1 and 15.0 % (wt) CTAB (cetyl trimsthylammonium 
bromide, an ionic surfactant) solution. 100 ml of 
the solution was heated to 50° C and stirred 
continuously. An electron micrograph taken of a 
dried sample revealed particles of ~250 nm diameter. 
Particle suspension systems were also formed using 
equimolar concentrations of 0.025 to 0.233 M aniline 
and H202, 0.1 M HC1, and 0.1 to 15.0% (wt) CTAB.
200 ml solutions of 1) 0.02 M aniline, 0.01 M AmP 
and HC1 and 2) 0.4 M aniline and H2O2# 0.5 M HC1, and 
0.1% (wt) CTAB were reacted, the former at 20° and 
the latter at 50° C. 3 ml alllquates of the 
solutions were diluted to 50 ml in water and UV-vis 
spectroscopic scans were taken from 200 to 900 nm in 
order to follow the progress of the reaction. The 
absorbance peak of aniline at 279 nm was observed. 
Solutions of the same reactant concentrations were 
added to either a 100 ml or a 120 ml glass 
dllatometer at the same temperatures and the change 
in height of the fluid in a 2 mm diameter capillary 
was recorded as a function of time in order to 
determine the volume change of the sample, and thus 
follow the progress of the reaction.
Both of the above methods yield plots of aniline 
vs time, which, for the same reaction solutions, 
should yield similar plots. The plots did not 
correspond, probably due to the erroneous assumption 
that the polyanlllne forms solid upon reaction and 
does not stay in solution for any length of time.
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1I. Introduction
Polyaniline has bean observed to axhlblt Metallic 
conducting properties In the 50ft reduced - 50ft oxidized, 
mono-protonated state. It has been suggested that a 
colloidal system of such a material could be used as an 
electrorheologlcal fluid. The synthesis of such a system was 
the goal here and was partially achieved in that a 
particulate suspension of polyaniline was obtained.
This was done by reacting 0.1 N An, ^2^2• Hci *nd 15.0ft (wt) 
cetyl trimethylammonlum bromide, a surfactant, in 100 ml of 
solution for -*3 hrs. and dialyzing the product solution five 
times in -4 liters of 0.1 M HC1.
In addition, initial experimentation using UV-vis 
spectroscopy and dllatonetry was performed to investigate 
the kinetics of this synthesis. Plots of aniline 
concentration vs time for the polymerization were obtained 
and are presented here in.
II- Background and Theory
Properties of polyenillne: The unique properties of PAn 
(polyaniline) have been studied for aany years, in 
approximately 1910 Oreen and Noodhead studied the synthesis 
of PAn and its various states of oxidation and protonation. 
More recently Alan MacDlaraid and his colleagues have 
examined the complex structure and the unusual electrical 
and chemical properties of this substance.
2MacDlarald and Chang 1 give an Index of the different 
oxidised protonated states that PAn cay assuaa (fig. 1). 
By introducing either an oxidising or reducing agent and 
either an acid or a base to a PAn saaple in solution one can 
produce it In any range of states of which the ones shown in 
fig. 1 are the chealcal boundaries.
Conducting PAn is In the 50b oxidized - SOB reduced, 
aono-protonated state. That Is, it noainally contains SOS 
each of the IS* and 2S' repeat units. The resonance 
structures of such a coapound are shown in fig. 2. It is 
believed that the saearlng of pi electrons as a result of 
resonance stabilisation is the reason that this fora of PAn 
and no other has its own, unique electrical conducting 
properties. As ths pH of this PAn solution is ch^ged froa 
above 4.5 to below l.o the conductivity of the Pan juaps 
froa 10**H (A ca)_1 (virtually non-conducting) to 
101 ( A o h )*1 (virtually aetallle).
Kaulelon Polyaerisation: Zaulsion polyaerisation was
the aethod used to obtain particulate PAn. Zn eaulslon 
polyaerisation the aonoasr (An here) is held in euepenelon 
with the aid of a surface-active agent (SDS, Triton X-100, 
Dapral, or CTAB). Initially eoae aonoaer is present inside 
of the alee lies foraed by the surfsetant and eoae is present 
in saall dropl'sts outside of the aloe lies. The initiator 
(AaP or Ha°t) Meter soluble. Zt is believed that free 
radical aonoasrs are foraed in the aqueous phase and Bigrate
3(I) Completely reduced polyaniline bate npeit unit, (1A)
(two hydrogenated N—H bonds)(2) Completely oxtdUed polyaniline base repeat unit, (2A)
(3) Completely reduced polyaniline monopaotoneted salt repeat unit,(18#)
(two hydrogenated N-H bonds ahd one protonated N—H bond; A~ Is an anion)
(4) Completely reduced polyaniline diprotonated salt repeat unit, (18")V "
(0 -5.0 $ ,
(Two k j i io p M  N—H bond* and two protonaUd N—H bond*)
W OMaolelehr nnlw idlni monoofotoiiatad aalt eaDaat u d t.<*S')
(0n« protaeated N—H bond)(€) OosspWUly oxidised polyanflina diprotonaUd nit repeat unit, (28*)
N .O &
(Two pwbndri N-rH bonds)
Figure l: The different oxidated and protonated 
etatee of PAn (MacDlarnld).
Figure 2: The resonance structure* of 50# oxidized 
50# reduced, sono-protoneted PAn 
(MacDiarmid).
5into the micelles where polymerization Is then initiated.
As the monomer is consumed, more of it migrates from the 
droplets into the micelles allowing continued particle 
growth. The growing particles are stabilized by excess 
surfactant. Eventually the monomer becomes depleted and the 
polymerization halts. 2
UV-vis Spectroscopy: Absorbance peaks for An occur at
196, 230, and 281 nm (fig. 3). The range of the 
spectroscope used (Bausch 8 Lomb Spectronic 1001) did not 
have a range below 200 nm so the peak at 196 nm could not be 
used. Further, other components of the reaction solution 
overlapped with the peak at 230 nm so that the peak at 281 
nm was used to follow the course of the reaction.
Dllatometry: Dilatometry is an analytical method which
utilizes the difference in the partial molar volumes of the 
reactant and product to follow the course of the reaction. 
The following equation relates the change in height of fluid 
in a capillary, h, to the conversion of reactant to 
product, x;
where j?y * partial molar volume of reactant
.0107 mol/ml)
partial molar volume of product 
.0150 mol/ml)
6Figure 3: Standard spectrograph of polyaniliae.
7r « capillary radius (r « 1 mm)
For the conversion of An to PAn it was assumed that the An 
was completely converted to solid PAn and the formation of 
intermediate density oligomers occurred only at the 
beginning of the reaction (fig. 4).
time
Figure 4: The assumed course of reaction for the 
polymerisation of PAn in solution where 
is much smaller than the reaction time.
*
8III. Experimental
Hydrogen peroxide and AmP (ammonium persulfate) were 
used to oxidize An (aniline) to form PAn (polyaniline) In an 
acidic (HC1) solution. Reactions were performed In 236 ml 
glass sample jars. Teflon coated, magnetic stlrbars 
operated continuously. The reactions using H2O2 (standard 
reduction potential: 1.776 V) as the Initiator were heated 
to 50° C as this was required to Initiate the reaction. No 
heat was required for the reactions using AmP (standard 
reduction potential: 2.010 V) due to It's greater reduction 
potential.
In general, for the reactions using AmP as the 
Initiator, a 1:2 ratio of Initiator to An was found to 
produce the green 50* oxidized - 50* reduced conducting form 
of PAn. The overall concentrations were varied In order to 
control the reaction time.
For reactions using H2O2 as the Initiator a 1:1 ratio of 
Initiator to An was found to produce the desired PAn 
product. For both Initiators the effect on the reaction of 
the acid concentration was studied by varying It between 0.0 
and 1.0 H •
In order to produce particulate PAn the surfactants SDS 
(sodium dodecyl sulfate), Triton X-100, Dapral, and CTAB 
(cetyl trlmethylammonlum bromide) were added to the 
solutions as emulsifying agents. CTAB was used more 
extensively that the others because It yielded better
9results Initially.
For experimental runs previous to 10/17/86 reactions 
were performed on a magnetic stirrer/heater and were open to 
the atmosphere. Thereafter runs were performed in a rotary 
mixer which was submerged in a constant temperature water 
bath and the sample jars were sealed throughout the 
reactions.
Dllatometry experiments were run in either a 120 ml or 
100 ml glass round bottom flask with a reactant input port, 
a syringe port (not used here), and a 2 mm diameter 
capillary (fig. 5). Aniline, HC1, CTAB, and water were
Figure 5: Dllatometry apparatus 
(5.-6 . not used here).
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added to the flask through the reactant Input port, which 
was then submerged into a constant temperature water bath 
and allowed to reach steady state temperature (50° C for 
H2O2 initiated reactions and 20° C for AmP initiated 
reactions). The initiator was then added through the 
capillary using a long syringe. Additional water (1-2 ml) 
was then added in the same manner to bring the level of the 
solution to about the middle of the capillary. The solution 
level was then followed using a cathetometer. Samples were 
stirred continuously using a magnetic stir bar.
IV. Results and Discussion
Particle Formation: Initial reaction concentrations of
0.5 M An, 0.25 M AmP, and 1.0 M HC1 in 100 ml of total 
solution produced a green product which settled upon 
reaction indicating that large particles were synthesized.
An EM of the product revealed a fibrillar morphology (fig.
6). The sample was made to convert from the green, 
protonated fora to the blue, non-protonated form by adding 
enough KH3 to make the solution basic.
Further experiments involved adding the surfactants SDS, 
Triton X-100, Dapral, and CTAB as emulsifying agents. For 
the first three a limited number of experiments were run and 
all product solutions sedlmentlzed either during the 
reaction or after being dialyzed one or two times.
Reactions performed with CTAB present were more extensive as 
these showed more promise of producing a suspended




Fig. 10: Particulate PAn. 
(reactant cones, on back)
i
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particulate product. An array of reactant concentrations 
was used and this is shown in fig. 11. The area to the left 
of the dashed line in the figure represents reaction 
conditions where the product remained suspended, thus 
indicating a fairly snail particle size. BMs were taken for 
the reactions Indicated in table 1 and verify that particles 
were formed for these reaction conditions. The BM for 
initial reactant concentrations of 0.5 M An and HjOg# 0.1 M 
HC1, and 1* (wt) CTAB show the fibrillar norphology 
representative of products from reactions to the left of the 
dashed line In fig. 11.
[Ht0t] * [aniline] (M)
Figure 6: Initial concentrations of MgOe# An# andCTAB where [HC1]0 -0.1 M in all canes.
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Table l: Initial reaction conditions for experiments 
on fig. 5 where [HC1] * 0.1 M always and
the reactants (Re)
experiment [Re](M) [CTABJ(wt*)
101886A1 o.i 0.0101886A2 0.5 0.0
101886A3 1.0 0.0103186D1 0.5 0.01
10318602 0.5 0.1092686A1 0.1 1.0
121286A1 0* 167 1.0121286A2 0.233 1.0
111586B2 0.3 1.0111586B3 0.4 1.0
10318603 0.5 1.012128681 0.4 5.0
103186B 0.1 8.0
060586A 0.025 10.0
080986B 0.1 10.0
121286B2 0.4 10.0
092686A2 0.1 15.0
103186A 0.5 15.0
include An and H202*
EM suspended/
results sedimented
+-
sedi.
sedl.
sedi.
particles susp.
~65 nm dla.
sedi. 
sedi.
fibrillar +-
crys part 
-45 m dla.
susp.
flb/part 
"120 nm dla.
SUSP.
crys part 
"410 nm dia.
particles 
"190 nm dia. 
crys part 
"100 nm dia.
susp.
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Initial reactant concentrations of 0.1 M An, H2°2« and 
HC1, and 15* (wt) CTAB produced the most distinct particles 
which stayed in suspension. Fig. 10 is of this product, 
having been dialyzed five tines in >4 liter of 0.1 M HC1.
The particles are >250 nn in diameter.
Kinetics: In the examination of the kinetics of the
synthesis of PAn when UV-vls spectroscopy was used the 
reduction in size of the absorbance peak for An at >280 nm 
was followed. This peak was determined to be the most 
reliable indication of the extent of reaction. An 
absorbance peak at >412 nm appears and then grows throughout 
the course of the reaction and may be due to the PAn being 
produced. This would be unreliable because PAn sedlmentates 
at the reaction conditions which were used so'that the 
absorption would be due to only a portion of the PAn being 
produced. A plot of absorbance vs. time is given in fig. 12 
for the following reaction conditions: 0.02 M An, 0.01 M 
AmP, and 0.01 M HC1. Absorbances were converted to 
concentrations via the calibration chart which was made 
(fig. 13), thus an An concentration vs. time plot was 
produced for these reaction conditions (fig. 14). It can be 
seen that the peak never completely disappear* indicating 
that much of the An is left unreacted.
A dllatometry experiment was performed at the same 
reaction conditions in order to compart, the results. Here
19
Figure 12: Absorbance vs tine at >279nm where the 
initial reactant concentrations were 
0.02 M An, 0.01 M AmP and HC1.
i
Figure 13: Calibration curve for the absorbance of 
light by An at >279 n*.
*
i . ' -. Jr'",*
tra
tion
 (M
)
025
IOo
Figure 14: An concentration v» tine at -279 n« as 
derived fron the OV-vis spectroscopy 
experiment where the initial reactant 
concentrations were 0.02 H An, 0.01 M 
AmP and HC1.
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the change of height of the fluid in the capillary was 
measured as a function of time (fig* 15). As was described 
in the theory section of this report the change in level can 
be converted to a change in concentration from An to PAn.
Fig. 16 is a plot of An concentration vs. time using this 
method of analysis.
There is obviously some error in method or logic in the 
above procedures and/or calculations since the graphs of 
fig. 14 and fig. 16 do not correspond. An assumption that 
may be in error is that the PAn forms a sediment almost 
immediately without much oligomer standing in solution. 
Without this assumption the effective density of PAn used in 
the dllatometry experiment would be less, resulting in the 
appearance of a lower conversion for this experiment.
Uelng the spectrophotometric technique to determine the 
An concentration where HjOj was used as the initiator 
yielded poor results. There was a lot of background for 
these spectrographs and no peak corresponding to the 
absorbance exclusively by An could be detected.
Using the dllatometry technique at Initial reactant 
concentrations of 0.4 M An and H2O2, 0.5 M HC1, and 0.1k 
CTAB yielded the level vs tine and An concentration vs. time 
plots shown in figs. 17 and 18,respectively.
V. Extraneous Results
Experimentation involving the use of SOS and Triton 
X-1Q0 as emulsifying agents yielded particles of size -150
itr
ati
on 
(M)
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Figure IS: Level of fluid in the capillary of the 
dilatometer va tlae where the initial 
reactant concentratione were
0.02 M An, 0.01 M AmP and HC1.
Figure 16: An concentration vs tlae as derived froa 
the dllatoaetry experiment where the 
initial reactant concentratione were 
0.02 M An, 0.01 N AaP and HC1.
An
in
e 
Co
nc
en
tr
at
io
n 
(M)
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Figure 17: Level vs time for the dilatometry
experiment where the initial reactant 
concentrations were 0.4 M An and H2 O2 ,
0.5 M HC1, and 0.1* (wt) CTAB.
Figure 18: An concentration vs time as derived from 
the dilatometry experiment where the 
initial reactant concentrations were 
0.4 M An and H202, 0.5 M HC1, and 
.1* (wt) CTAB.
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nm and 1.22 */., respectively.
VI. Conclu^ions
1. Emulsion polymerization is in effective technique
which can be used to synthesize an aqueous suspension of PAn 
particles of size in the range of 250 nm dia. Fig. 11 
indicates one demographic area of reactant conditions which 
will yield such a system.
2. Initial investigations have been made into the
kinetics of the synthesis of PAn. Results indicate that the 
Ah is not completely consumed during the reaction and that 
much of the polymer remains in solution even when a 
considerable amount sedimentates out.
VII. RgCQBWiruUtlons
Particle formation: The An used for these reactions was
brownish in color and was probably partially polymerized at 
the beginning of the reactions. Distilled An is clear.
Ut inv; purer An. i .e. : pure monomer, for these reactions 
slo <i,d yield better results in terms of obtaining 
mofivjisperse part idea.
Fig. 11 represents one eet of reaction conditions that 
may be used, that is, ths HC1 is always 0.1 M. By using a 
higher HC1 concentration and varying tha An and initiator
7concentrations PAn would be produced in differently oxidized 
and protonated states although the reaction rate and 
possibly the morphology of the product could remain the 
same.
Kinetics: The experiments done here are only the
beginning into a more extensive study. The spectroscopic 
method can be improved upon by analyzing and subtracting off 
background to the An absorption peaks more effectively. The 
dilatometry experiments would be Improved by determining the 
actual partial molar volumes of An and PAn in solution over 
the range of concentrations used during the experiment. In 
addition, this experiment is sensitive to experimental 
technique and needs to be practiced in order for consistent 
results to be obtained.
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Table A1: Initial reaction concentratlone for all 
experiments.
experiment [An]
(M)
[HC1]
<M)
[A»P]
(M)
[surfactant]
062086A 0.5 1.0 0.25
Triton X-100
062786B1 0.5 1.0 0.25 0.018 (wt X)
B2 0.5 1.0 0.25 0.324
B3 0.5 1.0 0.25 4.8
SP8
B4 0.5 1.0 0.25 0.00014 (M)
B5 0.5 1.0 0.25 0.0014
B6 0.5 1.0 0.25 0.010
P«pr«l
B7 0.5 1.0 0.25 0.016 (Wt *)
B8 0.5 1.0 0.25 0.15
B9 0.5 1.0 0.25 1.8
070186C1 0.55 1.25 0.28
C2 0.55 1.00 0.28
C3 0.55 0.75 0.28
C4 0.55 0.50 0 v 28
D1 0.55 0.83 2.32
D2 0.55 0.83 0.25
D3 0.55 0.83 0.027
D4 0.55 0.83 0.0025
070286B1 0.5 10-2 0.25
E2 0.5 10-3 0.25
FI 0.26 0.94 0.26
P2 0.027 1.00 0.28
ai 0.027 0.1 0.27
02 0.027 0.01 0.27
HI 0.5 0.1 0.25
NS 0.06 0.1 0.025
070786J1 0.06 10O 0.026
J2 0.06 10“* 0.026
J3 0.06 10-4 0.025
070886K1 0.05 0.10 0.023
K2 0.01 o.io 0.006
K3 0.005 0.10 0.004
•PS
071086M1 eo•o 0.1 0.025 0.01 M
A2
experiment [An]
(M)
[HCl ] 
(M)
[H2o2]
(M)
[AaP]
(M)
[surfactant
071086N 0.11 0.1 0.025
* 0 0.22 0.1 0.31
* 071186Q 0.44 0.75 0.2
* R 0.22 0.1 0.49
* 071286S1 0.22 0.1 1.03* S2 0.22 0.1 1.65* S3 0.22 0.1 3.09
* T 0.42 0.5 5.16
U 0.11 0.69 3.06
SDS* 071586W1 0.42 0.5 5.16 0.12 (M)# W2 0.42 0.5 5.16 0.0017
* 071786X1 0.42 0.1 1.65* X2 0.42 0.1 4.95* X3 0.42 0.1 3.30
* 072286A1 1.83 0.1 3.29* A2 3.13 0.1 3.29
* B 1.0 0.1 3.29
* 072386A1 0.62 0.1 3.29
C T M5.106 (wt* A2 0.62 0.1 3.29 0.532* A3 0.62 0.1 3.29 0.056
072486A1 0.025 0.1 0.0133 0.9500
A2 0.025 0.1 0.0130 0.0977
A3 0.025 0.1 0.0125 0.0119
072566C 0.0314 0.1 0.0125 20.0744
072966A1 0.5 1.0 0.5
A2 0.5 1.0 0.25
080486 0.522 0.952 0.23
080686A 0.026 0.1 0.025 10
* B 0.422 0.1 0.183 10
* 080986A 0.422 0.1 0.089 10
B 0.1 0.1 0.1 10
A3
experiment t An]
(H)
092686A1 0.1
A2 0.1
* 100486A1 0.813
* A2 0.215
101886A1 0.1
A2 0.5
A3 1.0
103186A 0.5
B 0.1
* C 0.467
D1 0.5
D2 0.5
D3 0.5
111586A1 0.1
A2 0.2
B1 0.3
B2 0.3
B3 0.4
C CMO
111686A 0.25
121286A1 0.167
A2 0.233
B1 0.4
B2 0.4
Cl 0.2
C2 0.2
030887A1 0.20
0.24
0.28
0.32
0.36
0.40
031887B1 0.2
0.2
[HC1J [H202] [A*P]
CM) (M) (H)
0.1 0.1
0.1 0.1
0.658 0.391
0.658 0.391
0.1 0.1
0.1 0.5
0.1 1.0
0.1 0.5
0.1 0.1
0.296 0.491
0.1 0.5
0.1 0.5
0.1 0.5
1.0 0.1
0.5. 0.1
0.1 0.2
0.1 0.3
0.1 0.4
CMo 0.5
1.0 1.0
0.1 0.167
0.1 0.233
0.1 0.167
0.1 0.4
0.2 0.75
0.2 1.0
0.1 0.20
0.1 0.24
0.1 0.28
0.1 0.32
0.1 0.36
0.1 0.40
0.5
0.5
CM•o
[surfactant]
CTAB
1 (wt *)
15
9.97 stirred for
9.97 eaulsion
15
8
6.57
0.01
0.1
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
5.0
10.0
1.0
1.0
0.1
0.1
0.1
0.1
0.1
0.1
0.1
A4
Table A2: UV-vis Spectroscopy experiments
042S87C [An] « 0.02 M 
[HC1] - 0.1 M 
[AmP] » 0.1 M
sample time Absorbance Absorbance Absorbance Absorbance (An](min) (205 nm) (227 nm) (279 nm) (407 nm) (M)
R3S1 0.5 2.961 3.346 0.825 0.0194R3S2 8.5 3.007 3.362 0.894 0.016 0.0233R3S3 15 2.967 3.354 0.831 0.025 0.0195R3S4 19 3.001 3.362 0.850 0.033 0.0200R3S5 27 2.965 3.333 0.792 0.043 0.0186R3S6 39 2.972 3.282 0.743 0.056 0.0174R3S7 47 2.950 3.185 0.687 0.062 0.0160R3S8 57 2.928 2.988 0.616 0.073 0.0139R3S9 72 2.927 2.907 0.602 0.081 0.0132R3S10 87 2.912 2.786 0.574 0.090 0.0123R3S11 107 2.904 2.589 0.535 0.103 0.0122R3S12 117 2.901 2.529 0.531 0.115 0.0083R3S13 326 2.674 1.640 0.374 0.221 0.0078R3S14 342 2.643 1.566 0.352 0.209 0.0074R3S15 372 2.635 1.530 0.337 0.192 0.0017
R3SINF 2.366 0.467 0.103 0.020
050187C
sample
[An] - 0.4 N 
[HC1] - 0.5 M 
[H202l - 0.4 N [CTAB] - 0.1* (wt)
time Absorbance Absorbance Absorbance
(min) (212 nm) (246 nm) (251 nm)
R7S1 0.5 2.860 2.846 2.859
R7S2 3.5 3.160 3.124 3.040
R7S3 5.7 3.178 3.119 3.032
R7S4 11 3.192 3.136 3.055
R785 16 3.192 3.135 3.052
R7S6 26 3.207 3.164 3.086
R7S7 37 3.212 3.163 3.077
R7S8 47 3.214 3.186 3.065
R789 57 3.260 3.236 3.151
R7810 69 3.261 3.233 3.146
R7S11 82 3.264 3.194 3.097
R7S12 92 3.262 3.224 3.127
R7S13 102 3.260 3.222 3.125
R7814 117 3.299 3.239 3.144
R7S15 135 3.323 3.273 3.172
R7816 162 3.338 3.261 3.176
R7817 176 3.373 3.321 3.221
R7818 207 3.423 3.371 3.268
R78IM9 entire range is off seals
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Table A3: Dilatometry Experiments
040467 [An] “ 0.4 M
[HC1] = 0.5 M
[H202] = 0.4 M[CTAB] = 0 .1* (wt)
time level [An]
(min) (cm) (M)
3.25 86.565 0.3999100
15 86.511 0.3998467
30 86.351 0.399659138 86.299 0.3995981
94 86.047 0.3993026
128 85.975 0.3992182178 85.928 0.3991631
211 85.904 0.3991351
253 85.866 0.3990904
042487 [An) « 0.02 M
[HC1] = 0.1 M
[AmP] « 0.1 M
time level [An]
(min) (cm) (M)
1 13.750 0.0201
3 13.860 0.0200
12 13.765 0.0200
15 13.756 0.0199
27 13.640 0.0198
36 13.546 0.019742 13.525 0.0197
54 13.480 0.0195
62 13.320 0.0194
79 13.255 0.019495 13.220 0.0194109 13.220 0.0192
124 13.115 0.0190217 12.916 0.0189294 12.790 0.0187682 12.650 0.01871366 12.466 0.0185
A6
Table A4: Electron micrographs taken.
experiment EMobservations
product
observations
062086A fribrillar 
product
green sediment 
upon reaction
062786B3 particles 
~25 nm dia.
ti
062786B6 fibers/spheres 
of -150 nm dia.
ti
062786B9 fibrillar
product
H
062786B8 fibrillar
product
ti
070286E2 particles 
1.22 m dia.
M
070286F2 fibrillar
product
072386A1 i11-defined 
globules
brown/red 
after -lhr.
072586C crystals/
mess
dark blue 
after -1 hr.
080586A particles 
-18 nm d i a .
It. purple soln. 
after 24 hrs.
080986A crystals/
mess
elowly turned 
green, -2 hrs.
O0O986B crystals/
mess
It
092686A1 particles 
-45 nm dia.
It. purple 
after '3 hrs.
092686A2 particles 
-270 nm dia.
aed. purple 
after -3 hrs.
100486A1 ill-defined 
globules
black/beige soln 
after >24 hrs.
103186A crystal particles 
wide range of sizes
103186B n
Iexperiment
103186C
103186D3
111586A1
A7
EH
observations
flocullated parts, 
of -55 nm dla.
fibrillar
product
crytal parts.
-130 nm dia.
crystal parts.
& polym. parts.
product
observations
It. purple 
final soln.
111586B1
